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Preface
In an open environment, plant growth and productivity 
are governed by several environmental factors that can 
be biotic or abiotic. Such environmental factors some-
times become very harsh to the growth and develop-
ment of the plants. Global climate change is predicted 
to increase the frequency and intensity of environmental 
stresses such as salinity, drought, metal/metalloid tox-
icity, heat, chilling/freezing, flooding and atmospheric 
pollutants to plants. In the era of industrial development, 
some anthropogenic activities are also causing serious 
threats to the productivity of crops. Yield loss of crops 
due to abiotic stresses is higher than the loss caused by 
pests, diseases and weeds. Furthermore, environmen-
tal stresses to the crop plants are beyond the control of 
farmers. Yield loss of staple food crops can be up to 70% 
due to the detrimental effects of abiotic stresses. 
The increasing world population, the subsequent 
higher demand for food and the increasing occurrence of 
abiotic stresses have made agriculture challenging in the 
21st century. However, attempts to improve crop yield 
under stressful environments by improvement of plants 
through classical breeding have been largely unsuccess-
ful mainly due to the multi-genic origin of the adaptive 
responses. Due to the physiological and genetic com-
plexity of the stress tolerance traits, the real progress in 
crop breeding for stress tolerance may be achieved only 
via a painfully slow pyramiding of essential physiologi-
cal traits. Therefore, a well-focused approach combining 
the molecular, physiological, biochemical and metabolic 
aspects of salt tolerance is essential to develop stress-
tolerant crop varieties. Numerous studies indicated the 
factors governing the defense system in plants and the 
necessity to generate tolerant varieties which can accli-
matize and adapt to the stressful environments with-
out having any adverse impacts on their productivity. 
However, the molecular responses of plants to a com-
bination of abiotic stresses are unique and cannot be 
directly extrapolated from the responses of plants alone. 
A large body of the literature suggested that, though with 
a certain degree of overlap, each stress causes a unique 
mechanism of response, tailored to the specific needs of 
the plant and that each combination of two or more dif-
ferent stresses may also have a specific response. The 
recent progress in molecular biology and genomics stud-
ies on many major crop plants are generating a wealth 
of information for the improvement of crop plants to 
abiotic stress. However, plant improvement for any abi-
otic stress is not merely a number of genes put together. 
Further progress in the field may be achieved when vari-
ous omics tools are intrinsically interspersed with the 
precise understanding of plant function and put into an 
environmental context.
This book compiles the recent updates of our under-
standing of various approaches in conferring abiotic 
stress tolerance. It includes 27 chapters contributed by 
110 leading experts, spanning from the diverse areas of 
the field of plant physiology, environmental sciences, 
crop science, molecular biology and biotechnology. 
The first chapter presents the general outline of vari-
ous abiotic stresses. The impacts of climate change on 
crop production in the world as well as in South Asia 
is described in Chapter 2. Plant responses to the salt 
stress are described in Chapter 3. Plant responses and 
signaling to drought stress tolerance are reviewed in 
Chapters 4 and 5, respectively. Variability in physiologi-
cal, biochemical and molecular mechanisms of chick-
pea varieties to water stress is the subject matter of 
Chapter 6. Chapters 7 and 8 discuss the plant responses 
and tolerance to cold stress and cold stress tolerance 
in rice, respectively. Heavy metals in soils exert toxic-
ity to plants and remarkably reduce the yield of crops. 
Chapter 9 updates heavy metal toxicity in plants and its 
mitigation. Boron is an essential nutrient, but higher lev-
els of boron are toxic to plants. Responses of plants to 
nutrient deficiency and toxicity due to higher levels of 
boron are focused in Chapter 10. Adaptation of plants 
to elevated levels of ozone is described in Chapter 11. 
Various hydrocarbons are known as soil contaminants. 
Chapter 12 reviews hydrocarbon contamination and 
its amelioration in soils. An overview of abiotic stress-
induced oxidative damage in plants is the subject matter 
of Chapter 13. The roles of transcription factors in the 
antioxidant responses of plants under abiotic stresses are 
reviewed in Chapter 14. Chapter 15 discusses modern 
approaches to enhance antioxidant defense systems in 
plants. Coordination and auto-propagation of ROS sig-
nals in plants are covered in Chapter 16. Synthesis of 
various osmolytes in plants under abiotic stresses is criti-
cal for plant tolerance. Regulation of osmolyte synthe-
ses and improvement of abiotic stress tolerance in plants 
are discussed in Chapter 17. Plasma membrane plays an 
important role in protecting the cell from dehydration. 
Chapter 18 updates the roles of plasma membrane pro-
teins in tolerance of dehydration in the plant cell. 
Trehalose metabolism and signaling is an area of 
emerging significance. In less than a decade, our views 
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on the importance of trehalose metabolism and its role 
in plants have gone through something of a revolution. 
Chapter 19 focuses on trehalose metabolism in plants 
under abiotic stressful environments. Proline is a small 
molecule biosynthesized in plants which plays a signifi-
cant role in plants’ tolerance to salinity and drought. The 
proline metabolism behavior of the durum wheat dehy-
drin transgenic Arabidopsis thaliana to salt stress is dis-
cussed in Chapter 20. Nitric oxide and polyamines have 
significant roles in plant tolerance to abiotic stresses. 
Molecular mechanisms of nitric oxide- and polyamines-
induced plant tolerance to abiotic stresses are focused 
in Chapters 21 and 22, respectively. Molecular biologi-
cal and genomic approaches broadened our understand-
ing about the plants’ responses to the abiotic stresses 
at molecular and genomic levels. Chapters 23 and 24 
update current molecular and genomic knowledge about 
plants’ tolerance and responses to the abiotic stresses. 
The hallmark attributes of plant transcription factors 
and the potential of WRKY, MYB and NAC in abiotic 
stresses are discussed in Chapter 25. Clustered Regularly 
Interspaced Short Palindromic Repeats (CRISPR)/Cas9 
(CRISPR-associated enzyme 9) technology is becom-
ing a faster, cheaper and precise tool for editing the 
genome of living organisms, including plants. It will 
revolutionize the engineering of crop plants, including 
for the enhancement of tolerance to the abiotic stresses. 
Chapter 26 updates current status and future pros-
pects of CRISPR/Cas9 for engineering crop plants for 
abiotic stress tolerance. Plants harbor taxonomically 
diverse microorganisms. Plant-associated beneficial 
microorganisms (such as plant probiotic bacteria) play 
important roles in promoting abiotic stress tolerance 
in plants. Chapter 27 focused on the effects of various 
beneficial microorganisms in protecting plants from abi-
otic stresses. The wealth of information compiled in this 
volume updates our understanding the effects, mecha-
nisms and interrelationships between and among various 
stresses, the defense strategies of plants to adapt to harsh 
environments, and the expression of genes involved in 
the synthesis of regulatory proteins. This fundamental 
knowledge and understanding is needed for the develop-
ment of stress-tolerant plant varieties. 
We, the editors, sincerely thank the authors for their 
outstanding works and timely contributions to publish 
this unique volume of book. We are highly thankful to 
Dr. Mahbub Alam, Lecturer, Department of Agriculture, 
Noakhali Science and Technology University, for his 
valuable help in formatting and incorporating edito-
rial changes in the manuscripts. The Senior Editor 
(Biological Science), CRC Press Randy Brehm deserves 
our sincere thanks for prompt responses during the 
acquisition of this book. We are also thankful to other 
editorial staffs of CRC for precious help in formatting 
and incorporating editorial changes in the manuscripts. 
The editors and contributing authors hope that this book 
will be the reference of researchers for updating knowl-
edge about the mechanisms and approaches for environ-
mental stress tolerance.
Mirza Hasanuzzaman, Kamrun Nahar, Masayuki 
Fujita, Hirosuke Oku, and M. Tofazzal Islam
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